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Introduction

FWP is recommending that wolf hunting and trappgagsons be established in two steps. First, thie ba
components, such as season dates, managemenmeatss of take etc. would be determined through the
regular biennial season setting timeline and pmcd$ese are the rules and regulations that eutlin
what's legal and what is not with respect to lieghpublic harvest. FWP is proposing a tentativé wo
season structure for FWP Commission consideratidnpaiblic comment in December 2007 to begin the
process of determining a wolf season structurewioatd be implemented upon delisting.

The second step is to determine the actual nunfbeolees that could be harvested. This would be
addressed in a separate decision process. FVEBasimending that total wolf harvest be finite and
regulated through a quota and special permit systEme actual quota and number of special permits
available would be determined through the regutaiual quota-setting process at future FWP
Commission meetings. FWP would recommend tentapineas in June and the FWP Commission
would adopt final quotas in August of each calengar. FWP is not proposing actual quotas for@820
2009 season at this time.

However, in order to formulate the basic wolf seasomponents, FWP needed to explore a wide variety
of alternatives and potential outcomes. By analyaxisting data sets and making some assumptions,
FWP developed an initial wolf harvest model simolato consider a range of harvest rates and the
potential effects on the wolf population and thenber of Breeding Pairs (BP) in the state in thet fjear
after implementation only. This effort is intendedhelp determine sideboards around what could be
appropriate harvest levels that would not jeopartie population or cause it to drop below 15 BPs.
Montana is required to maintain at least 10 BPsI&ftiwolves as its contribution to a recoveredhert
Rockies wolf population. At least 15 BPs statewsleequired to offer public hunting and trapping
opportunities. Harvest would be implemented irhsaigvay as to not jeopardize population viabilitg a
species recovery.

FWP monitors the wolf population on an ongoing salsroughout the year through a combination of
radio telemetry, public wolf reports, track survegi. At the end of the calendar year, FWP eséma
and reports the minimum number of BPs, individwiahed packs, and total wolves. December 31 of
each calendar is considered the snapshot populegionate for purposes of demonstrating maintenance
of a recovered population and establishing futadiegpéive management direction.

This document provides additional information aethds about the modeling effort. It is meant to
supplement the FWP Wolf Hunting / Trapping Seasopp®rting Information and provide the
preliminary basis for future discussions about vegpibta / permit levels.

Harvest Model

FWP explored the potential outcomes of a quotadasdf hunting and trapping season by simulating
various harvest rates in each of three wolf manage¢nmnits as described in the proposed wolf season
framework (2007). The simulations were intendeddaoge the response of Montana wolves to harvest in
the year immediately following implementation ararobt reflect an approach to long-term sustainigbili

of wolf harvest. A four -step process was used.
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The primary goals were to:

» Examine various combinations of harvest rates terdene population sensitivity by adding
harvest mortality to existing causes of death &mheof the three management units and statewide,
given the 2006 — 2007 population data.

» Gauge the risk of the statewide number of BPsf@étleral recovery definition) dropping below 15
in the year following the first year of implemendbet

» Consider various combinations of harvest ratesregmllt in a predicted wolf population increase,
population stability, or a population decrease ye@r later.

* Predict the number and size of wolf packs, the remolb BPs, and the total number of wolves
statewide in the first year following harvest.

1. Determine Population Baselines

The Montana wolf population has increased from mimmim of 66 wolves (6 BPs) in 1995 to
approximately 394 wolves (37 BPs) in September 21t in order to simulate the effects of harvast,
general baseline understanding of wolf populatigmaghics is the required first step. Therefore, a
population model was created and was largely basdte biological features of wolves in each of the
three management units (Mitchell etialpress). The model incorporated birth, death, immignatiand
emigration for each unit using actual data from&860d 2007. Several assumptions were necessary,
however. They were:

* Rates of birth, death, immigration, and emigratos known with certainty, constant and equal to
those observed in each area in the previous year.

» Mortality rates are constant for individual wolves.

* Immigration results in the formation of new packs@onsistent age structure and at a constant
rate within each area.

* Reproduction results in a consistent number of unasonly in packs that existed in the previous
year in each area.

* About 10% of the wolf population is comprised afgle wolves not associated with a pack — thus
the minimum known population was increased by 10%saich area.

2. Simulate Effects of Harvest

Once the basic wolf population dynamics are deteechiand predicted, FWP then simulated how harvest
might affect the number of wolves, number of paeksl the number of BPs in the first year following
harvest.

Quotas were set as percentages of the previous yeiaimum known wolf population in each area.
Thus, reproduction, immigration / emigration, andrtality in the year of harvest are not considered
the simulation exercise itself but will be at tira¢ quotas/ permit levels are set. This allows Ré/Be
more conservative when recommending tentative guatdune of the year of harvest. Final quotas
would be established in August immediately prioateeason. This allows current year’s data to be
incorporated in case there are significant, unetgoedevelopments such poor pup survival due teadese
or increased mortality due to conflicts with livest. See Figure 1.

Harvest quotas ranging from 0% to 75% of the pdmnan each area were simulated. The simulation
included all possible combinations of these raté&/aincrements for a total of 4096 combinatioEsch
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combination of harvest rates was simulated 100@4inThe number of wolves, wolf packs, and BPs afte
one harvest season were estimated after each siomulan.

The harvest simulations made the simplifying asgionpg that:

* Wolf mortality due to public harvest is random as@dditive to wolf dispersal and all other
forms of mortality, including natural mortalityJegal wolf harvest, and mortality due to
depredation in each area.

* Managers do not know the statewide number of BRs /0% certainty; therefore the BP
probability estimator was used to estimate the remobBPs for those packs lacking field
observations to confirm BP status (Mitchell etialpress, Gude et alin review). This approach
generates an estimate of the number of BPs in Mants well as lower and upper confidence
limits that reflect the uncertainty involved in iesation (i.e., we are 95% certain that the true
number of BPs falls between the upper and lowefidence limits (Figure 2).

o

December 31 Estimates ( Population Model A
minimum number of BPs, Start with December 31 estimate
total wolves
ADD wolves (birth, immigration)
’ SUBSTRACT wolves (emigration, death)
Ongoing Monitoring Efforts \_ Yy,
Harvest: September - December r N
\ Simulate Harvest
7 SUBTRACT harvest mortality (quota as % of
Ongoing Monitoring Efforts December 31 estimates); harvest mortality is
additive to other causes
Birth of new litters = Spring \_

J

Death = non-harvest causes

\. Study Simulation Results for predicted
outcomes
4 Set Quotas ) consider combinations of harvest rates for
(as percent of December 31 estimate after three management units and statewide resyts
considering harvest simulation results)
Tentative Recommendation: June Ongoing Monitoring Efforts
Final Adopted: August

Figure 1. A flow chart of wolf harvest simulatiomodel and quota setting process.
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Figure 2. Example of hypothetical estimate ofnbenber of Breeding Pairs for Montana, with uppet an
lower confidence limits.

3. Simulation Results

The results of each combination of harvest rata®g werutinized to determine whether it resulted in
“risky” outcome in which the lowest possible numb&BPs within the 95% confidence limit went below
15. This threshold represents a boundary belowetwhiharvest season in the following year would be
cancelled, as dictated by the state management Biaiaccounting for uncertainty through confidence
intervals, assuming that harvest would be additivall other forms of mortality, and only considegi

“no risk” harvest scenarios, FWP is taking a conagve approach.

The simulations indicated that the Montana wolfydapon can support a harvest season and remain
stable to increasing for one year, given the pdmriavital rates observed in 2006 and 2007. Gdlyera
speaking, progressively higher harvest rates st progressively steeper population declines,
although the relationship was not linear. Thikasause of baseline population differences betwaeh
of the three units (Mitchell et ah press) and other types and levels of wolf mortality. eMdorthern
Montana Wolf Management Unit (#1) is the most d@resarea for the random harvest of wolves if the
goal is to maintain at least 15 BPs in the state.



4. Consider Combinations of Harvest Rates

Based on the 2006-2007 population model, nearlgaatibinations of harvest rates resulted in a “gk’ri
outcome where the 95% lower confidence limit fa BP estimate did not drop below 15. Wolf
population dynamics and current levels of humarsedumortality are different in each of the three
management units (Mitchell et ah press). Therefore, various combinations of harvestggielded
similar predicted statewide outcomes. Howeversehesults suggested that harvest rates could vary
within each of the proposed management units teatebcal social and biological factors such as th
status of wolf and/or prey populations, livestoekhge, social tolerance, etc. while still maintagna
secure population statewide and assuring conngctivihin Montana and the northern Rockies wolf
populations, respectively.

Quota percentages were based on the minimum nuvhlerives that FWP knew were present on
December 31 of the previous year. There will lide¢ more wolves present at the start of the ctirren
year’s hunting/trapping season due to the curreat’y reproduction and immigration adding to the
population. Current year’'s mortality could be aatied for at the time final quotas are set. Insirea
population trends to date demonstrate that reptamuand immigration have exceeded emigration and
total mortality. In this way, the model and qustting process is conservative -- it is basedrmwk
wolves plus an estimated 10% lone wolves not afélil with a pack and accounts for wolf mortality up
until final quotas are set.

There is considerable variation in the level of lamrcaused mortality that a wolf population can
withstand and remain relatively stable. Imporfactors include overall wolf density and populatgpe,
immigration / emigration rates, other types anctlewf mortality (e.g. livestock-related), prey éaand
birth rates (Fuller et al. 2003).

Depending on the desired goal or outcome one wbar, lvarious combinations of harvest rates coald b
selected to facilitate a population increase, pajpah stability, or population decrease. The follyg bar
graphs illustrate the predicted outcomes of varmmbinations of harvest rates in each of the threas
one year immediately following harvest. They aasdal on current levels of monitoring effort.
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Graphical Results

The following bar graphs illustrate a variety oésarios of various harvest rates in each of thesethr
proposed wolf management units (Figure 3). Thelggallustrate the expected statewide number of BPs
the percent of the simulations that resulted insky” outcome (defined as the 95% lower confidence
limit dropping below 15 BP), the number of wolvesrg in packs, and the expected number of packs
one year after implementation.

Of the 4,096 combinations of harvest rates simd|atest did not result in risky outcomes. FWP
selected a few representative combinations thaligiezl a population increase, population stabibtya
population decrease. Not all simulations predgcarpopulation decrease resulted in an unacceptable
risky decline below 15 BP, but a few did. Thesealso presented.
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Figure 3. Proposed Wolf Management Units.



Population Increase Scenarios — No and Low HarvestNO RISK -- Figures 4 and 5
« No harvest or low harvest rates in each of theethmanagement units
« Increase defined as outcomes greater than 40 BPs
« No risk of the lower confidence limit dropping beld5 BP
« Monitoring at current level of effort

550 509
500 -
450 + Figure 4 Harvest Number
400 4 Rate
Northern
350 1 Montana 0 0
300 + Unit 1
250 + Western
200 - Montana 0 0
150 - Unit 2
100 4 60 88 Southwestern
0 | . MonFana 0 0
| 0 Unit 3
O T T 1
Expected # Percent of Expected # pack- Expected # packs
Breeding Pairs  simulations with living wolves
<15 Breeding
Pairs

Figure 4. Model simulation statewide results ifvest quotas were set to zero for all three progosaf
management units.
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Figure 5. Model simulation statewide results ifM@st quotas were set at 15% in each of the three
proposed management units.
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Population Stability Scenarios — NO RISK -- Figures$ and 7

Harvest rates could vary within each managementamai still maintain population stability
Stability defined as outcomes between 35 and 40(BResactual September 2007 preliminary

estimate)

No risk of the lower confidence limit dropping beld5 BPs

Monitoring at current level of effort
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Figure 6 H;;Vte:t Number

Northern

Montana 30% 60
Unit 1

Western

Montana 40% 38
Unit 2

Southwestern

Montana 40% 30

Unit 3

Figure 6. Model simulation statewide results ifvest quotas were set at different rates in eatheof
three proposed management units.

450
400 +
350 +
300 +
250 +
200
150 84
100 - 36
: __
0 | ‘ ‘ ‘
Expected # Percent of Expected # pack- Expected # packs
Breeding Pairs ~ simulations with  living wolves
<15 Breeding
Pairs

Figure 7 H;;Vt?t Number

Northern

Montana 30% 60
Unit 1

Western

Montana 30% 29
Unit 2

Southwestern

Montana 60% 44

Unit 3

Figure 7. Model simulation statewide results ifvest quotas were set at different rates in eatheof
three proposed management units.




Population Decrease Scenarios — NO RISK — Figuresa®id 9
Harvest rates could vary within each managemertt yii still maintain minimum of 15 BPs

statewide

Decrease defined as outcomes less than 30 BP

No risk of the lower confidence limit dropping beld5 BP

Monitoring at current level of effort
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Figure 8 H;;Vt?t Number

Northern

Montana 55% 109
Unit 1

Western

Montana 45% 43
Unit 2

Southwestern

Montana 50% 37

Unit 3

Figure 8. Model simulation statewide results ifvest quotas were set at different rates in eatheof
three proposed management units.
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Figure 9 Hg;vttzst Number

Northern

Montana 35% 70
Unit 1

Western

Montana 70% 67
Unit 2

Southwestern

Montana 70% 52

Unit 3

Figure 9. Model simulation statewide results ifvest quotas were set at different rates in eatheof
three proposed management units.




Population Decrease Scenarios — RISK — Figures 1811

Harvest rates could vary within each managemertt loai outcomes much more variable
There is a risk that the 95% lower confidence lidndps below 15 BP
Monitoring at current level of effort
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Figure 10 H;;Vte:t Number

Northern

Montana 60% 119
Unit 1

Western

Montana 60% 58
Unit 2

Southwestern

Montana 60% 44

Unit 3

Figure 10. Model simulation statewide resultsafiest quotas were set at high enough levels in efc
the three proposed management units that woulcedhedower confidence limit to drop
below 15 BP. In this example the 95% confidenteriral spans from 13 BPs to 32 BPs.
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Figure 11 H;;Vt?t Number

Northern

Montana 70% 139
Unit 1

Western

Montana 70% 67
Unit 2

Southwestern

Montana 70% 52

Unit 3

Figure 11. Model simulation statewide resultsafJest quotas were set at high enough levels in efc
the three proposed management units that wouldedaedower confidence limit to drop
below 15 BP. In this example the 95% confidenderiral spans from 9 BPs to 28 BPs.
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